markets has effects on government policies regarding food supply and safety. Furthermore, mapping early maturing rice fields is critical for planning crop protection, pesticide management against diseases like rice sheath blight, and water resource management. Unfortunately, currently there are no feasible ways of obtaining such information.
However, advances in remote sensing technology are expected to provide solutions.
In Asian countries with monsoon climates such as South Korea, using radar-based remote sensing data is a practical approach for nationwide mapping of rice fields and identifying growing cycles (Lee and Hong, 1999; Hong et al., 2007; Kim et al., 2009) , and studies have been conducted to classify paddy rice fields using polarized synthetic aperture radar (SAR) images such as RADARSAT, ENVISAT, ALOS, and ERS (Bouvert et al., 2009; Chakraborty et al., 2005; Chen et al., 2007; Hong et al., 2000; Jinlong et al., 2001; Liew et al., 1998; Toan et al., 1997) . The use of multi-temporal images is fundamentally based on temporal biomass changes in rice fields that are distinguished from other land cover conditions. To identify early maturing rice in paddy fields, reference images should be those of mediumlate maturing rice fields. As such, the temporal growth variation of each rice type and the relationships between rice growth and SAR data must first be understood because knowledge about similarities and dissimilarities between rice varieties facilitates the identification of which radar images are useful for discrimination. This paper discussed quantitative differences in growth parameters between early maturing and medium-late maturing rice according to growth stages and analyzed the relationships between growth parameters and backscatter coefficients of SAR images. In addition, applications for discriminating early maturing rice parcels were assessed.
Methods

1) Growth calendar of paddy rice
The knowledge of rice growth calendar is fundamental to the success of remote sensing Korean Journal of Remote Sensing, Vol.28, No.6, 2012 Fig. 1. Temporal differences in growth cycles between early maturing and medium-late maturing rice grown in South Korea.
applications. It plays a critical role in the planning stages of a remote sensing project like identifying target dates for satellite images as well as in the developed stage like discriminating paddy rice varieties (Ribbes and Toan, 1999; Toan et al., 1997 ).
There are four major categories of rice worldwide: indica, japonica, aromatic, and glutinous, and East Asia including Korea, a part of northern China, and Japan mainly cultivates japonica rice varieties. The growth can be divided into two stages: vegetative and reproductive. The vegetative growth period is from germination to tillering, and the reproductive stage is characterized by panicle differentiation, heading, and ripening. As shown in Fig. 1 , early maturing rice has a shortened vegetative growth stages comparing with medium-late maturing varieties although the transplanting dates are almost simultaneous between the rice types. Early maturing rice faces a panicle differentiation stage in almost early July, about two weeks earlier than medium-late maturing rice varieties. As such, the discrimination of rice varieties in satellite images could be critical since at least early July, and the earlier harvest of early maturing rice could make it apparent that bare and flat-textured land cover without vegetation could be differentiated from the remaining biomass at medium-late maturing rice fields.
2) Study sites and rice growth data
The study site was located in Yedang irrigated plain, Dangjin-gun, Chungnam Province, about 65 km south of Seoul, South Korea ( 
3) SAR data and preprocessing
Multi-temporal RADARSAT data has a capable of rice mapping and can provide input to production estimation (Shao et al., 2001) . Korean Journal of Remote Sensing, Vol.28, No.6, 2012 -656- 
Analysis
1) Seasonal variations of rice growth and radar backscatter
Early maturing rice is planted in expectation of faster harvest than medium-late maturing rice, and this leads to a gap of growth cycles. The temporal discord between rice types is described in Table 1 .
Different growth parameters are more helpful at identifying early maturing rice fields at different growth stages: plant height and LAI at the tillering stage, TFW and TDW at the panicle differentiation stage before heading, and GWC and PWC after the heading stage of medium-late maturing rice.
With respect to temporal variations of backscatter coefficient from RADARSAT SAR images after planting (Fig. 4) , the gap between rice types became wider after mid-July, or the heading period of early maturing rice. The average backscatter coefficients for early-maturing rice varieties (13 parcels) ranged from -18.17 dB to -6.06 dB and were lower than for medium-late maturing rice varieties during most of the growing season. At the heading stage (July 30) for early-maturing rice, both rice crops showed the highest backscatter coefficient values, and the difference was the greatest right before the harvest of early-maturing rice. As such, early maturing rice fields could be distinguished using SAR images just after mid-July in advance of the harvesting season.
On the other hand, compared with field-measured rice growth parameters, the backscatter coefficients either decreased or maintained a plateau after the heading stage even though the growth of the rice canopy continued regardless of the varieties.
Mapping Paddy Rice Varieties Using Multi-temporal RADARSAT SAR Images
-657- . Rice varieties mapped using a simple threshold method for mean backscattering coefficients by parcel pixels. It was possible to classify early maturing rice fields with only multi-temporal SAR data without on-the-ground surveys across a wide area.
2) Discrimination of early maturing rice parcels
As shown in Fig. 4 , SAR data observed on July 6, 
Conclusion
Multi-temporal RADARSAT-1 SAR data were analyzed to discriminate between two different rice varieties, early maturing rice and medium-late Our results may be further improved by using more advanced classification methods, different polarization methods, and frequency. In future studies, we will integrate the on-the-ground SAR backscattering coefficients with coefficients obtained from satellite SAR as described in Kim et al. (2009) , and ultimately we expect to develop a nationwide monitoring system for rice yield and growth conditions by satellite SAR observation. It would be expected that this case study could help in the timely updating and the improvement of classification accuracy in paddy rice varieties discrimination over a large area with multi-temporal SAR data.
